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(54) TERMINAL APMRATUS 



(57) A low cost a low power consumption and a 
small size are tfiree very important factors for a mobile 
corrmruinication terminal. A great problem is posed by 
the conventional tecfinique using a DSP and a CPU 
independent of eacfi otfier which requires two external 
memory systems. Also, two peripheral units are 
required for data input and output of the DSP and CPU. 
As a result, an extraneous communication overhead 
occurs between the DSP and the CPU. The invention 
realizes a mobile communication terminal system by a 
DSP/CPU integrated chip comprising a DSP/CPU core 
(500) integrated as a single bus master, an integrated 
external bus interface (606) and an integrated periph- 
eral circuit Interface. The memory systems and the 
peripheral drcuits of the DSP and the CPU can thus be 
integrated to realize a mobile communication terminal 
system low in cost and power oonsurrption and small in 
size. 
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Description 

TECHNICAL FIELD 

The present invention relates to a terminal appara- 
tus for a mobile communication system induding a dig- 
ital cellular portak)le telephone, or more in particular to a 
method of realizing a mobile communication baseband 
system using data processing units such as a progranr>- 
mable microprocessor (hereinafter refened to as "Ihe 
CPy^ and a digital signal processor (hereinafter 
referred to as Ihe DSF^. 

BACKGROUND ART 

The processes lor a mobile cormiunication system 
relating to the present invention will briefly t>e described 
with reference to Fig. 1. Rg. 1 shows a user102, a com- 
munication terminal 101 arxl a base station 100. TTie 
user 102 accesses the base station 100 using the com- 
munication terminal 101 and thus receives vanous serv- 
ices. The communication with other communication 
terminals m also performed through the base station 
100. The communication process between the commu- 
nication t^minal and the base station, therefor, consti- 
tutes the essential part of the communication. 

The communicatipn terminal 101 includes a user 
interfaceAsystem controller 109 having the user inter- 
face function arxi the system corrtrol function, a commu- 
nication protocol processing unit 110 having the 
communication protocol processing function, a 
code/decode processing unit 1 1 1 having the speech 
codingAiecoding function, the channel coding/decoding 
function, the modulatiorVdemockilat'on function, etc., 
and an AFE/RF circiit section 105 having an analog 
front erxi (AFE) and an RF circuit The communication 
terminal 101 is connected with a microphone (MIC) 103 
and a speaker (SPK) 104. The base station 100 
includes a system controller 112 fiaving the system con- 
trol function, a communication protocol processing unit 
113 having the communication protocol processing 
function, a channel coding/decoding function, the mod- 
ulate/demodulate function, etc., and an AFE/RF circuit 
section 106 having an analog front end (AFE) and an 
RF circuit. 

The communication terminal 101 exchanges infor- 
mation with the base station 100 generally in one of two 
modes: Audio or the like user data are exchanged, or 
control data for system management are exchanged. 

Audio data are exchanged in the following manner. 
The audio data input from the miaophone (MIC) 103 
are converted into digital data arxi compressed by the 
speech encoding process in the code^ecode process- 
ing unit 111. The corrpressed audio data have added 
thereto error correction information by ttie channel 
encocfing process in the codetiecode processing unit 
111. arKi then modulated by the modulation process in 
the code/decode processing unit 111. These processes 



are performed in a digital area. The modulated digital 
voice is converted into analog data in the analog front 
end (AFE) of the AFE/RF circuit section 1605, and 
transmitted from an antenna 1 07 over a radio-frequency 

5 wave by the RF circuit of the AFE/RF circuit section 1 05. 
This radio wave is received by an antenna 108 of the 
t>ase station 100 and temporarily derrxxJulated. This 
radio wave is modulated again on the frequency (in the 
case of frequency multiplexing) assigned to the other 

70 party of communication, and retransmitted from the 
base station to the other party in a timing of time slots 
(in the case of time division multiplexing) assigned to 
the other party. 

New, the exchange of the control data for system 

15 management will be explained. The communication 
protocol processing unit 1 10 in the communication ter- 
minal 101 and the communication protocol processing 
unit 113 in the base station 100 exchange data with 
each other. A virtual togic connection is established 

20 between ttiese two functior^. This virtual logk; connec- 
tion is realized by a physical connection described 
t>elow. In the case where tiie base station 100 issues 
some instruction to tfie communication terminal, the 
process is performed as follows. The instruction data 

25 according to a predetermined protocol is encoded for 
the communication patii and modulated in the 
code/decode processing unit 114. The resulting data 
are converted into analog data in the analog front end 
(AFE) of the AFE/RF circuit section 106, and transmit- 

30 ted from the RF circuit over a radio wave by way of tiie 
antenna 108. This radio wave is received by tiie 
antenna 107 of the communication terminal 101 and 
converted into baseband digital data through the RF cir- 
cuit of the RF circuit 105 and the analog front end 

35 (AFE). The digital data are further demodulated and 
decoded for the communication patti by the 
code/decode processing unit 111 and delivered to the 
communication protocol processing unit 1 10. 

The two manners in which the communication ter- 

40 minal 101 exchanges data with the t>as6 station 100 
and the related processes are described atxve. The 
processes related to these operations are generally 
divided into two types. The speech cocfing/encoding 
process, ttie channel coding/decoding process and the 

45 modulation/demodulation process are classified as a 
digital signal process which is suitably realized by an 
exclusive hardware or a programmat)le DSP (digital sig- 
nal processor). The communication protocol process, 
on the other hand, is so conrplicated that it is suitably 

50 realized by software using a high-level language such 
as the C language. 

In view of tiiese facts, a method has recentiy been 
proposed in which the speech coding/encoding proc- 
ess, the channel coding/decoding process and the mod- 

55 ulate/demodulate process are performed by a DSP. and 
the communication protocol process is performed by a 
CPU (generaHxjrpose microprocessor. arTK>ng the 
k>aset>and processes of the mobile communication ter- 
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minal ("Latest Information on GSM/Systems. Terminals 
and Services", Seminar materials, Japan Industrial 
Technological Center, May 18 to 19. 1965, and "De/el- 
opment Trend of GSM Telephone Terminal Devices", pp. 
118-130, Japan Phillips). 

Explanation will be made about an example of a 
HTKibile communication terminal including a DSP and a 
CPU studied by the Inventor according to the above- 
mentioned well-known examples. The example 
explained below is not an exact replica of any well- 
known exarrples. This mobile communication terminal 
is intended for the GSM (global system for mobile com- 
munications) constituting a specification of a digital cel- 
lular telephone in Europe. The mok>ile communication 
terminal shown in Rg. 2 includes a DSP chip 223, a 
DSP RAM (random access memory) 200, a DSP ROM 
(read-only memory) 201 , a CPU chip 227, a baseband 
analog front end (AFE) 202, a RF modem 210, a power 
amplifier (PA) 212, an antenna 213. a diplexer 214. a 
low-noise amplifier (LNA) 215, a nticrophone 208, an 
amplifier Arrp, a speaker 209, a drive circuit Dri, a fre- 
quency synthesizer 216, a system timing circuit 219, a 
voltage controlled system dock 221, a 1/4 frequency 
divicfing circuit 222, a sounder DA converter 231, a 
sounder 230. a drive circuit Driver, a battery monitor AD 
converter 232, t>attery nrwnitor circuit 233, a battery 
234, a CPU RAM 239. a CPU ROM 238. an LCD (liqiid 
crystal dence and a liquid crystal panel) 237, a SIM 
(subscrit>er identity nfK)dule) 236 and a keytxjard 235. 
The baseband analog front end (APE) 202 includes a 
PA (power arrp) D/A converter 203, an l/Q AD/DA con- 
verter 204, an AGC (auto gain control) D/A converter 
205, an audio AD/DA converter 206, and an AFC (auto 
frequency control) D/A converter 207. The DSP RAM 
(200) and the DSP ROM (201) are connected through 
an external DSP bus 240 to the DSP chip 223. 

The function and operation of this terminal will be 
explained bri^ly. 

During the audio transmission, the voice input from 
the miaophone 208 is amplified by the amplifier Amp, 
and converted into cfigital data by being sampled at the 
audio AID converter 206. The sampling rate is 8 kHz, 
and the bit accuracy is 1 3 bits. The data thus digitized is 
sent to the DSP chip 223. and after being compressed 
and erYcoded for the communication path, delivered to 
the l/Q D/A converter 204 of the analog front end (AFE) 
202. This signal is modulated and converted into analog 
data and input to the RF modem 210. The resulting sig- 
nal is sent out from the antenna 213 over an RF fre- 
quency (800 MHz). The duplexer (214) is used for 
separating the input radio wave from the output r^o 
wave. The high-frequerx;y sine wave 217 used for high- 
frequerKy modulation/demodulation is synthesized by a 
frequency synthesizer 216. The frequency synthesizer 
216 is connected through a signal line 218 to the CPU 
chip 227. The ROM (201) has built therein a program 
executed by the DSP chip 223. The RAM (200) is used 
for operating the DSP chip 223. 



At the time of audio receiving, the data received by 
the antenna 213 are input to the RF nrxxjem 210 
through the low-noise amplif ier (LNA) 215. This signal is 
converted into a low-frequency baseband analog signal, 

5 and ^ delivered to the l/Q AJD converter 204 of the ana- 
iog front end (AFE) 202. The data sanpled and con- 
verted into digital data are sent to the DSP chip 223 
where it is denrxxlulated. channel decoded arxi decom- 
pressed. After that, the data is converted into analog 

70 data at the audio D/A converter 206 and output from the 
speaker 209. 

When the user makes a phone call, he uses a k^- 
board 235 and an LCD (237). The SIM 236 is a replace- 
able user ID rrxxiule, whk:h is mounted on the 

IS communication terminal to enable the user to use the 
terminal exclusively. The ROM (238) fias built therein a 
program that can be executed by the CPU chip 227. The 
RAM (239) s used for operating the CPU chip 227. The 
battery 234 is a main battery for the whole terminal, and 

20 the remaining capacity of the battery 234 is monitored 
by the CPU chip 227 through the battery monitor circuit 
233 and the battery monitor A/D converter 232. When 
there is a telephone call, the CPU chip 227 turns on the 
sounder 230 through the sounder D/A converter 231 . 

25 The basic dock 1 3 MHz of this tenminal is supplied 
from the voltage controlled system clock 221 . From this 
basic ckx;K the system tinning circuit 219 produces 
required system timing signals 241 , 220 and distritxite 
them into the terminal. The t>asic ckxk is also supplied 

30 to the DSP chip 223 and the CPU cNp 227. The DSP 
processing in the GSM is said to require 20 to 50 MIPS 
(mega instructions per second). In Fig. 2, the DSP chp 
operates at 52 MKIz, i.e., a frequency four times as high 
as the basic clock 13 MHz using a PLL (phase locked 

35 k)op) circuit 225 nrxxjnted in the DSP ch^. The CPU 
processing in the GSM, on the other hand, is said to 
require 1 to 2 MIPS. In Fig. 2. therefore, a frequency one 
fourth the basic ckxk 13 MHz is generated by the 1/4 
frequency divider circuit 222, and the CPU is operated 

40 at this rata 

The basic dock 13 MHz of the terntinal is required 
to be strictly synchronized with the master dock fre- 
quency 13 MHz of the base station. This is achieved in 
the manner described t>elow. Rrst, the strict frequency 

45 infonnation is received from the base station. The DSP 
controls the voltage controlled system dock 221 
through an AFC (automatic frequency control) D/A con- 
verter 207 on the basis of this information thereby to 
regulate the frequency. Also, an instruction for output- 

50 ting a radio wave may be applied from the base station 
to the terminal. In that case, the DSP chip 223 drives the 
PA (power amplifier) D/A converter 203 arxJ regulates 
tiie output of the power amplifier (PA) 212. Further, the 
DSP chip 223 regulates the gain of the RF nxxJem 

55 through the AGC (automatic gain control) D/A converter 
205 on the bas^ of the amplitude information of the 
received signal. 

The communication between the DSP chip 223 and 



3 



5 



EP0855 643A1 



6 



the CPU chip 227 is effected in the tbilcwing manner. 
The DSP chip 223 is connected through a DSP host 
interface (HIF) 224 to a CPU external txis 229 of the 
CPU ch'pi The CPU chip 227 can freely read and write 
the internal resources of the DSP chip 223 from the 
DSP host interface (HIF) 224 through the CPU external 
bus interface 228 and the CPU external bus 229. When 
the DSP chip 223 is desirous of informing the CPU chip 
227, an INT (intemjpt) signal 226 is i^ed. 

The above<lescrbed conventional method using 
two independent units of DSP and CPU. howe\fer, 
requires two different menrK>ry systems for the DSP and 
the CPU. In the above-mentioned well-known system, 
all the DSP memories are formed on a chip. This is 
because that the GSM system has just introduced and 
the capacity required for the DSP memory is still small. 
In the case where the half-rate audio encoding tech- 
nique is introduced in full scale with the increase in the 
number of subscril}ers in the future, however, the termi- 
nal is required to accommodate both the full-rate and 
the half-rate techniques. In that case, both of the 
speech encoding programs are required to be incorpo- 
rated in the DSP. Further, since the current full-rate 
sound quality for the GSM system is not satisfactory, an 
enhanced full-rate audio encoding system is being stud- 
ied. Once this system is realized, three speech encod- 
ing programs must be incorporated. Also, a DSP 
program for an added value such as a speech recogni- 
tion program for voice dialing will probably be incorpo- 
rated as a technique for differentiating the 
communication terminals. Therefore, it is not practica- 
ble, if only in terms of cost, to package as a chip all the 
DSP programs expected to increase in the future. 

In the future, therefore, a memory external to the 
DSP seems unavoidable. In view of the fact that the 
reduction in cost, power consumption and size is crucial 
for a mobile communication terminal, however, the use 
of two external menrK>ries poses a great problem. 

On the other hand, two systems of data input-out- 
put peripheral units have so far been required for DSP 
arKi CPU. This causes an extraneous communication 
overhead t)etween the DSP and the CPU. 

DISCLOSURE OF INVENTION 

In view of the atxive-mentioned protilem points, the 
object of the present invention is to provide a method of 
realizing a mobile communication terminal system low 
in cost, power consumption and size by integrating the 
memory systems and the peripheral circuits of the DSP 
and the CPU. 

The above-mentioned arxi other objects of the 
present invention and the novel features thereof will t>e 
made apparent from the following description of the 
specification and the accompanying drawings. 

Representative aspects of the invention disclosed 
in this patent application are briefly described below. 

Specifically, a mobile communication terminal sys- 



tem is realized by a DSP/CPU integrated chip compris- 
ing a DSP/CPU core integrated as one bus master, an 
integrated external bus interface and an integrated 
peripheral circuit interface 
5 Also, in order to increase the speed of access to the 
external memory by the DSP, programs and data for an 
internal memory and an external m&mory are arranged 
according to the processing of the mobWe communica- 
tion terminal. 

10 Further, in order to improve the speed of access to 
the peripheral drcuit by the DSP, a plurality of samples 
are transferred concurrently 

In generating a program for a microprocessor used 
for the mdbWB communication terminal, the address reg- 

15 ister for the digital signal processor for realizing the DSP 
function is mapped to the register sut)set of the cerrtral 
processing unit for realizing the CPU function, and an 
argument is transferred to the register sut>set of tiie 
central processing unit 

20 Also; the mobile communication terminal for effect- 
ing radk) communication by exchar^'ng data with the 
t>ase station includes a data processing unit for execut- 
ing a program stored in a memory, and a menwry hav- 
ing an area for storing a speech encoding program, an 

25 area for storing a speech decoding program, an area for 
storing a channel encoding program, an area for storing 
a cfiannel decoding program, an area for storing a pro- 
gram for controlling the protocol for communication with 
the base station, and an area for storing a user interface 

30 control program. Each area of tiie memory is arranged 
in an address space of the data processing unit. 

The data processing unit includes a digital signal 
processor for executing the speech encoding process, 
the speech decoding process, the channel encoding 

35 process and the channel decoding process, arxl a cen- 
tral processing unit for controlling the protocol for com- 
munication with the base station and also controlling the 
interface with the i^er. These functions are desirat)iy 
arranged on a single senticonductor substrate. 

40 In order to improve tiie processing speed of the cfig- 
rtal signal processor, the area for storing the speech 
encoding program, the area for storing the speech 
decoding program, the area for storing the channel 
encoding program and the area for storing tiie channel 

45 decoding program, are stored preferably in a menxMy 
built in the data processing unit. 

The areas for a program not requiring a high-speed 
processing including the area for storing a program for 
controlling the protocol for communication with the t)ase 

50 station and the area for storing a program for controlling 
the interfiace witii the user, on the other hand, are stored 
preferably in a memory external to the data processing 
unit. 

The data processing unit further comprises a serial 
55 input-output circuit for interfacing with an analog-digital 
conversion circuit and a digital-analog corrversion circuit 
in the address space of the central processing unit 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showiiig a basic configuration of 
a mobile communication system. 

Fig. 2 is a diagram showing a configuration of a 
GSM mobile communication terminal using a DSP and 
a CPU. 

Fig. 3 is a diagram showing a configuration of a 
DSP/CPU integrated chip closely coupled with each 
other. 

Fig. 4 is a diagram showing a configuration of a 
DSP and a CPU integrated simply into a single chip. 

Fig. 5 is a diagram showing a configuration of a 
GSM nKsbile communication terminal according to a 
first embodinrtent of the Invention. 

Fig. 6 Is a diagram shewing a configuration of an 
internal menrxMy and an external memory connected 
according to a first embodiment of the invention. 

Fig. 7 ^ a diagram showing a configuration of a 
DSP/CPU integrated chip with a cache according to a 
second embodiment of the Invention. 

Fig. 8 is a cfiagram shewing a basic form of memory 
assignment in an application of a mobile communication 
terminal according to a third embocfiment of the inven- 
tion. 

Fig. 9 is a diagram showing an enlarged form of 
memory assignment in an application of a mobile com- 
munication terminal according to the third embodiment 
of the invention. 

Figs. 10A. 10B are a connection diagram and a 
time chart, respectively, for a DSP/CPU Integrated cWp 
with a burst ROM directly connected according to a 
fourth embodiment of the invention. 

Rg. 11 is a diagram showing an example of a mem- 
ory map of a DSP/CPU integrated chip. 

Figs. 12A, 12B, 12C Eire a connection diagram and 
a time charts, respectively, for a DSP/CPU integrated 
chip with a DRAM directly connected according to a fifth 
embodiment of the irrvention. 

Figs. 13A. 13B are a connection diagram ajnd a 
time chart, respectively, for a DSP/CPU integrated chip 
and an l/Q signal AD/DA converter according to a sixth 
entxxiimerTt of the Invention. 

Fig. 14 is a diagram shewing a configuration of a 
serial input-oulput circuit according to the sixth embodi- 
ment of the invention. 

Figs. 15A. 158 are a connection diagram and a 
time chart, respectively, for a DSP/CPU integrated chip 
and an l/Q signal AD/DA converter according to a sev- 
enth embodiment of the invention. 

Fig. 16 is a diagram showing a configuration of a 
serial input-output drcuit according to the seventh 
embodiment of the invention. 

Figs. 17A, 17B are a connection diagram and a 
time chart, respectively, for a DSP/CPU integrated chip 
and a power amplifier control D/A converter according 
to an eighth embodiment of the invention. 

Fig. 18 is a diagram showing an overhead at a con- 



ventional GSM mobile comrrujnication terminal using a 
DSP and a CPU. 

Rg. 19 is a diagram showing timings arxl output 
waveforms for corrtrolling the power amplifier in a GSM 
5 mobile communication system. 

Rgs. 20A, 20B are diagrams sfKwing an overhead 
in power amplifier control according to the eighth 
embodiment of the invention. 

Rg. 21 is a diagram showing a configuration of a 
10 DSP/CPU irrtegrated ch'p having an integrated ASIC 
bus interface accorcfing to a ninth embodiment of the 
invention. 

Rg. 22 is a diagram showing a configuration of a 
CPU in a DSP/CPU integrated chip. 
IS Rg. 23 is a diagram showing an exarrple of the C 
program for explaining a tenth embodiment of the inven- 
tion. 

Rg. 24 is a diagram showing hardware related to an 
assembler program for explaining the tenth enixxiiment 
20 of the invention. 

BEST MODE FOR CARRYING OUT THE INVEf^lON 

[DSP/CPU integrated chip] 

25 

The DSP/CPU integrated chip closely coipled on 
which the invention is based will be explained. Details 
are described in JP-A-7-132906 filed by the same 
inventors. An example of the dosely-coipled DSP/CPU 

30 integrated chip is shown in Rg. 3. A DSP/CPU inte- 
grated chip 300 defined by dotted line in Fig. 3 is formed 
on a single semiconductor substrate made of such 
material as single crystal silicon by the semiconductor 
integrated drcuit fabrication techniques. Rg. 3 shows 

35 the DSP/CPU integrated chip 300, an external RAM 
(random access memory) 326, an external ROM (read 
only menrK)ry) 327, an external ^idress bus (EA) 325, 
and an external data bus (ED) 324 defined by the dotted 
line. 

40 The DSP/CPU integrated chip 300 indudes a 
DSP/CPU dosely-coupling Integrated core 305, an 
internal memory X 304, an internal memory Y 303, an 
integrated bus interface 418, a DMAC (direct memory 
access contrdler) 317, an integrated peripheral t>us 

45 interface 419, a DSP peripheral circuit 322 and a CPU 
peripheral drcuit 323. These corrponent elements are 
connected to each other through three types of internal 
memory address buses including an X address bus 
(XA) 302. a Y address bus (YA) 301 and an I address 

50 bus (lA) 314, three types of internal menx)ry data buses 
including an X data bus (XD) 315. a Y data bus (YD) 
316 and an I data bus (ID) 313, an integrated peripheral 
address bus (PA) 320, and an integrated peripheral data 
bus (PD) 321. 

55 The DSP/CPU dosely-cotpling integrated core 305 
includes a CPU core 307 and a DSP engine 306. The 
main corrponent elements of the CPU core 307 are an 
instruction decoder 308, an ALU (arrthmetic-logic unit) 
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309 aixJ registers 310. The main componerrt elemerrts 
of the DSP engine 306 are arithmetic units including a 
Multiply and Accumulate unit 31 1 and registers 31 2, but 
not an instruction decoder. 

The CPU core 307 reads an instruction from the 
internal memory X 304, the internal menx>ry Y 303, the 
external RAM 326 or the external ROM 327. which 
instruction is decoded by the instruction decoder 308 
and executed. The DSP engine 306 operates in accord- 
ance with the instruction from the CPU core 307. In 
other woids. when the instruction from the DSP is exe- 
cuted, the CPU core 307 and the DSP engine 306 oper- 
ate concurrently in interlocked relation. 

The DSP as referred to herein is defined as the abil- 
ity to execute the FIR (finite response filter) operation 
constituting the basic digital signal processing operation 
at the rate of one cyde per tap. Generally, this is 
required to meet the following four conditions at the 
same time. They are (1) the Multiply arxi Add operation 
can be executed in one cycle, (2) two data can be 
accessed simultaneously from memory in one cyde, (3) 
instruction repeat is supported without overhead, and 
(4) the modulo addressing nrxxle is supported. These 
DSP functions are disdosed in detail as well-known 
information in, for example, 'DSP56116 Digital Signal 
Processor User's Manual" issued by Motorola Inc., 
1990. In view of these four concfitions, a simple Multiply 
and Accumulate unit or an FPU (floating point unit) can- 
not be called a DSP engine herein. 

The CPU referred to herein, on the otfier hand, 
means a standard microprocessor having an architec- 
ture that can efficiently compile and execute a program 
written in a high-level language such as the C language 
An example is disdosed in detail in "Hitachi Single-Chip 
RISC Microcomputers SH7032, SH7034 Hardware 
Manual", third edition, March 1964, issued by Hitachi 
Ltd. 

As descrbed above, the feature of the DSPyCPU 
dosely-coupling integrated core 405 shown in Rg. 3 lies 
in that it has both the standard CPU function capable of 
effidently conpillng and executing a program written in 
a high-level language such as the C language and the 
DSP function capable of executing the FIR fitter opera- 
tion at the rate of a cyde per tap, which two functions 
are contrdled by a single instruction stream. Also, the 
DSP/CPU dosely-coupling integrated core 305, which 
has only one instruction decoder and one control sys- 
tem, is integrated as a single unit when viewed as a bus 
master. In other words, the peripheral drcurts and mem- 
ories assodated with the buses are shared integrally by 
the DSP function and the CPU functk)n. The program 
for executing the DSP function and that for executing the 
CPU function are both anranged in the address space of 
the CPU core 307. Rg. 3 shows the manner in which a 
DSP peripheral drcuit 322 and a CPU peripheral drcuit 
323 are integrated through an integrated peripheral bus 
interface 319. An example of the DSP peripheral drcuit 
322 is a serial input-output circuit. Examples of the CPU 



peripheral drcuit 323 are a parallel input-output drcuit, 
a serial input-output drcuit, a timer arxi an A/D con- 
verter drcuit. The DSP peripheral drcuit 322 arxJ the 
CPU peripheral drcuit 323 are integrated with each 

5 other, that is, they are arranged in a common address 
space. The DSP peripheral drcuit 322 and the CPU 
peripheral drcuit 323 can both be used by the DSP 
function and the CPU function. Rg. 3 also shows the 
manner in which the external RAM 326 and the external 

10 ROM 327 are shared by the DSP function and the CPU 
function through an integrated external bus interface. 

[Independent DSP and CPU chips] 

15 By way of comparison, a conventional case in 
which a DSP and a CPU are used as elements inde- 
pendent of each other will be explained with reference 
to Rg. 4. Rg. 4 is prepared by the inventors according to 
a well-krKJwn exarrple and is not an exact replica of the 

20 well-known example. The system of Rg. 4 comprises a 
DSP chip 400 defined by dotted line, a CPU chip 413 
defined by dotted line, a CPU extennal RAM 430 and a 
CPU external ROM 431. In the case where the DSP 
chip and the CPU chip are incorporated on a single chip 

25 in sirrple fashion, the two areas defined by the dotted 
lines constitute one integrated drcuit 

The CPU chp 413 indudes a CPU core 414, an 
internal menfK>ry 418, a CPU peripheral bus interface 
421. a CPU extemal bus interface 422. a DMAC 423, 

30 arxJ a CPU peripheral drcuits 426, 427. 

These component elements are connected to each 
other through an internal bus address (lA) 419. an inter- 
nal data bus (ID) 420, a CPU peripheral address bus 
(PA) 424, and a CPU peripheral data bus (PD) 425. The 

35 main component elements of the CPU core are an 
ir^truction decoder 41 5, an ALU 41 6 and registers 41 7. 
The CPU core reads an instruction from the internal 
memory 418, the CPU external RAM 430 or the CPU 
external ROM 431. which instruction is decoded by the 

40 instruction decoder and executed. The CPU extemal 
bus interlace 422, the CPU extemal RAM 430 and the 
CPU extemal ROM 431 are connected to each other 
through an extemal address bus (EA) 428 and an ext^- 
nal data bus (ED) 429. The DSP chip 400 indudes a 

45 DSP core 403. a DSP internal memory X 404, a DSP 
internal memory Y 405. a DSP peripheral circuit 406, a 
CPU/DSP interface 410. a Y address bus (YA) 401 . an 
X address bus (XA) 402, an Xdatabus (XD) 411 and a 
Y data bus (YD) 412. The DSP core 403, on the other 

50 hand, includes an instruction decoder 407, arithmetic 
units including a Multply and Accumulate unit 408 and 
a register 409. The DSP core 403 reads a DSP exdu- 
sive instruction from the DSP internal menrxMy X 404 or 
the DSP intemal memory Y 405. which instruction is 

55 decoded by the instruction decoder 407 and executed. 
In the case where the DSP has an exdusive extemal 
mennory, though not shown in Rg. 4, such a DSP exdu- 
sive instruction may t>e read from such an extemal 



6 



11 



EP0855 643A1 



12 



memory, decoded by the instruction decoder 407 and 
executed. In Rg. 4. the intemal address bus (lA) 419 
and the intemal data bus (ID) 420 are connected to the 
CPU/DSP interface 410. Instead. CPU/DSP interface 
410 is connected to the external address bus (EA) 428 
and the external data bus (ED) 429, when CPU chip 41 3 
and DSP chip 400 are structured by independerrt chips. 

In the case where a DSP chip and a CPU chip are 
incorporated in a single chip in sinple fashion as 
desa3t>ed atx3ve, the respective memory spaces and 
per^eral circuits are completely irxlependent of each 
other and cannot be mutually accessed. 

The features of a dosely-coupled DSP/CPU inte- 
grated chip on which the invention Is based have t>een 
desaibed abova Now, the features of a nrK>bile commu- 
nication terminal realized using this dosely-coupled 
DSP/CPU Integrated chip will be explained with refer- 
ence to embocfiments. 

[Rrst enixxilment: GSM terminaQ 

A first embodiment of the invention will be expfained 
with reference to Rgs. 2. 5 and 6. Rg. 5 shows an 
example of a GSM terminal realized using a dosely- 
coupled DSP/CPU integrated chip. The configuration 
shewn in Rg. 5 Is t>asically the same as that of Rg. 2 
desabed In detail atx3ve. In Fig. 5. the two independent 
chips induding the DSP chip 223 and the CPU chip 227 
used for the GSM terminal of Rg. 2 are replaced tvy a 
single dosely-coupled DSP/CPU integrated chip. The 
GSM terminal of Fig. 5 comprises a DSP/CPU inte- 
grated chip 500. an integrated AFE (analog front end) 
501, a battery 510, a t>attery monitor drcuit 509. a 
sounder 511, a RF drcuit 513, a PA (power amplifier) 
514, an antenna 515, a duplexer 516, an LNA (low- 
noise amplifier) 517, a miaophone 518, a speaker 519, 
a frequency synthesizer 533, a system timing drcuit 
520, a voHage-contrdled system dock 523 arxi inte- 
grated nrKxiules 527 to 531 connected to an integrated 
external bus 526. 

The Integrated modules indude an external RAM 
527 shared by the DSP/CPU, an extemal ROM 528 
shared by the DSP/CPU, an LCD 529, an SIM 530 and 
a keyboard 531. The DSP/CPU integrated chip 500 Is 
identical to the DSP/CPU Integrated chip 300 shown in 
Rg. 3. The Integrated AFE (analog front end) 501 
indudes a battery nwnitor A/D converter 502, a sounder 
D/A converter 503, a PA D/A converter 504, an IQ 
AD/DA converter 505, an audio AD/DA converter 506 
and an AFC D/A convjBrter 507. The battery 510, the 
battery monitor drcuit 509, the sounder 51 1 , the drive 
drcuit Driver, the RF modem drcuit 513. the PA (power 
anplifler) 514, the antenna 515. the di4)lexer 516. the 
LNA (low-noise amplifier) 514, the microphone 518. the 
anplifier Amp. the drive drcuit DrI, the speaker 519. the 
high-frequency sine wave 532, the frequency synthe- 
sizer 533, the system timing drcuit 20, the system tinv 
ing signals 521, 541. the signal line 522. the voltage- 



controlled system dock 523, the battery nrK>nitor A/D 
converter 502, the sounder D/A converter 503, the PA 
D/A converter 504. the IQ A/D converter 505. the AGC 
D/A converter 506. the audio AD/DA converter 507, the 

5 AFC D/A converter 508. the LCD 529, the SIM 530 and 
the keytx>ard 531, respectively, correspond to and have 
the same function arxJ operate the same w^ as the 
components in Rg. 2 induding the t>attery 234. the bat- 
tery nx)nrtor drcuit 233, the sounder 230, the drive dr- 

70 cuit Driver, the RF modem drcuit 210, the PA (power 
amplifier) 212, the antenna 213, the diplexer 214, the 
LNA (low-ndse amplified 215, the rrncrophone 208, the 
amplifier Amp, the drive drcuit DrI, the speaker 209, the 
frequency synthesizer 216. the system timing drcuit 

IS 219, the system timing signals 220, 241 , the signal line 
218, the voltage-controlled system dock 221, the bat- 
tery monitor A/D converter 232. the sounder D/A con- 
verter 231, the PA D/A converter 203, the IQ AD/DA 
converter 204, the AGC D/A converter 205, the audio 

20 AD/DA converter 206, the AFC D/A converter 207, the 
LCD 237. the SIM 236 and the keyboard 235, respec- 
tively. The function and operatk)n of the GSM ternrtinal of 
Rg. 5 are the same as those of Rg. 2 and will not be 
explained. The integrated external bus 526 is connected 

25 with the external RAM 527 and the external ROM 528 
permitting access thereto by txyth the CPU function and 
the DSP function. 

Rg. 6 shows the detailed relation t>etween the 
DSP/CPU Integrated chip with the intemal memory and 

30 the external memory In Rg. 6, the DSP/CPU integrated 
chip 600, the external ROM 61 1 and the external RAM 
612* are connected through the external address bus 
609 and the external data bus 610. Also, Rg. 6 shows 
the manner in whk:h the DSP/CPU dosely-coupling 

35 core 601, the intemal ROM 602, the internal RAM 603 
arxf the integrated external bus interface 606 are con- 
nected to each other through the internal data bus 604 
arxJ the internal address bus in the DSP/CPU integrated 
chip 600. The DSP/CPU dosely-coupling core 601 Is 

40 integrated as a single tx^ master. The great feature of 
this confi^ration, therefore. Is that both the DSP func- 
tion and the CPU function can arbitrarily access any of 
the Internal ROM 602, the Intemal RAM 603, the exter- 
nal ROM 611 and the external RAM 612. This oonfigu- 

45 ration makes H espedally possble to use the intemal 
memory effectively without any waste. 

The DSP/CPU integrated chip 600 is Identical to the 
DSP/CPU Integrated chip 300 of Rg. 3 and the 
DSP/CPU integrated chip 500 of Rg. 5. Other compo- 

50 nent elenwnts of tiie DSP/CPU integrated chp 600 are 
not shown, however, as th^ are ntA necessary for 
explanation. Therefore, the DSP/CPU dosely-coupling 
core 601 corresponds to the DSP/CPU dosely-coupling 
core 305. the intemal bus 604 to the intemal menwry 

55 data bus ID 313. the Intemal bus 605 to the Intemal 
memory address bus 605, and the Integrated extemal 
bus interface 606 to the integrated external bus inter- 
face 318. The internal ROM 602 and the internal RAM 
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603, however, correspond respectively to the ROM arxi 
the RAM of the internal memory X 304 and the internal 
memory Y 303. 

The external address bus 609 correspoTKls to the 
extemal address bus (EA) 3125, the external data bus s 
610 to the external data bus (ED) 324, the external 
ROM 611 to the external ROM 327 and the external 
ROM 528, and the extemal RAM 612 to the external 
RAM 326 and the external RAM 527. Also, the external 
bus 526 includes t>oth the extemal address txis 609 and 
the extemal data bus 61 0. 

As shown in Rgs. 5 and 6, according to the first 
embodiment of the invention, the external RAM and 
ROM are compl^ely shared by the DSP and the CPU, 
and therefore, the need is eliminated of the external txis 
240, the external RAM 200 and the external ROM 201 
exclusive to the DSP that are used in the prior art shown 
in Rg. 2. Also, the signals HIF214 and the INT226 
between the DSP chip 223 and the CPU chip 227 are 
eliminated. In this way, the integration can reduce the 
number of the buses, the signal lines arxJ the menrK>ry 
chips and hence can reaPize a mobile communication 
terminal low in cost, small in power consumption and 
small in size. 

[Second embodiment: built-in cache memory] 

A second embodiment of the inverrtion will be 
desaibed with reference to Rgs. 5, 6 arKl 7. In the sec- 
ond embocfiment, the internal RAM of the DSP/CPU 
integrated chip of the first embodiment Is replaced by a 
cache menrK>ry to Improve the speed of external menv 
ory access. 

The external nriemory that can be directly coupled 
to the conventional Independent DSP is limited to a 
SRAM (static RAM) or a ROM. A DRAM or a RAM/ROM 
having a high-speed access mode cannot be directly 
connected to the conventional independent DSP. Also, 
tfve accessible data size is limited to 16 bits, and access 
in byte (8 bits) or long word (32 bits) are impossibia 
This is because the length of instructions arxJ data are 
fixed to 16 bits in the DSP chip used with the nrK)bile 
communication terminal, which in turn is derived from 
the fact that the speech coding, ttie channel coding and 
the nrxxiulation/demodulation process to which the DSP 
is applied are suffidentiy performed by the instruction 
and data length of 16 bits. The limitation of accessSDie 
data size to 16 bits facilitates tiie control of external 
memory access, and makes it possible to execute the 
extemal access in one cycle if a suffidentiy high-speed 
memory Is used. 

On the other hand, some of the conventional inde- 
pendent CPU chips are connected direcUy to various 
extemal menxxies including a DRAM or a RAM/ROM 
having a high-speed access mode. An example is 
described in "Hitachi Single-Chip RISC Microcomputers 
SH7032, SH7034 Hardware Manual", Third Edtion, 
March 1994. issued by Hitachi Ltd. It is also commonly 



known that these CPU chips support all of the byte (8 
t>it) access, the short word (16 bits) access and the long 
word (32 bits) access, since it is indispensable for effi- 
dentty executing a program written in a high-level lan- 
guage such as the C language. In spite of this, however, 
external menrv>ry access is complicated to control and 
requires at least 3 cydes. 

As descrODed above, the conventional DSP chip 
and the CPU chip have support different external mem- 
ory interlaces suitable for their respective applications. 
In the case where the DSP function and ttie CPU func- 
tion are integrated with each other as in the present 
invention, the conventional external memory interface of 
CPU type is desirat)ly used. Nevertheless, the problem 
is posed of slow extemal access for the DSP function. 

In view of this, according to the secorxl embodi- 
ment, the internal RAM of the DSP/CPU integrated chip 
of the first embodimerrt is replaced by a cache menrxxy 
to iirprove the extemal memory access speed. Rg. 7 
shows in detail the relation between ttie DSP/CPU inte- 
grated chip, the cache (internal memory) and the exter- 
nal menrK)ry in the case where the internal RAM of Rg. 

6 is replaced by a cache menxKy. 

In Rg. 7. tiie DSP/CPU integrated chqp 700, ttie 
external ROM 713 and the extemal RAM 714 are con- 
nected to each other through the extemal address bus 
711 and the external data bus 712. Rg. 7 also shows 
the manner in which a DSP/CPU dosely-coupfing core 
701 , an intennal ROM 702. a cache (internal RAM) 704, 
a DMAC 705 and an integrated extemal bus interface 
708 are connected to each other ttirough an internal 
data bus 706 and an internal address bus 707 in the 
DSP/CPU integrated chip 700. The configuration of Rg. 

7 is different from tfiat of Fig. 6 only in that in Rg. 7. the 
cache Ontemal RAM) 704 and a cache controller 703 in 
place of the internal RAM 704 of Fig. 6 are built in the 
DSP/CPU integrated chip. The DMAC 705 is shown in 
Rg. 7. but not in Rg. 6, because the DMAC is not 
required for explanation in Rg. 6. As shown in Rg. 3, the 
DMAC is built in the DSP/CPU integrated chip. The con- 
nection between the cache controller 703 and the 
DMAC 705, however, is applicable only to Fig. 7. 

The access of the DSP/CPU dosely-coupling core 
701 to an address supported by the cache function is 
foltowed by the follcwing-descrft>ed operations. Rrst, 
the cache 704 checks to see whether the data of the 
particular address is contained in the cache 704. and if 
contained, accesses the data. In the absence of such 
data, on the other hsind. the cache 704 notifies the 
cache controller 703. which activates ttie DMAC 705 to 
read a plurality of netghtx>ring data (500 B to 1 kB in 
many cases) induding the particular data from the 
external memories 713. 714 into the cache 704. These 
data are supplied to the DSP/CPU dosely-coupling core 
701. 

The reference to programs and data has a locality. 
In other words, when a given address is referenced, the 
possibility of ttie neighboring addresses being next 
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addressed is very high. The use of a mechanism having 
a cache as desaibed above, therefore, makes it possi- 
ble to access the external memories 713. 714 at the 
same average rate as an internal memory. Such a 
cache is disclosed in, for example. "Super RISC Engine 5 
SH7604 Hardware Manual". First Edition. September 
1994. issued by Hitachi Ltd. In the cache memory for 
the microprocessor described in this manual, however, 
the amount of data read from an external memory in the 
absence of corresponding data (miss-hit) in the cache w 
memory is as small as 16 B (bytes) per line of the cache 
menrKxy. 

As descrit>ed above, the problem of slow access to 
an external memory for the DSP function is solved by 
replacing the internal RAM of the DSP/CPU integrated 75 
chip by a cache menfK>ry. 

[Third embodiment: program arrangemertfl 

Now, a third embodiment of ttie invention will be 20 
desaibed with r^erence to Figs. 5, 6, 8 and 9. Accord- 
ing to the thifd embodiment, the problem of slow access 
to the external menfK>ry by the DSP function is obviated 
by considering the memory assignment. 

Fig. 6 shows the detailed relation between the 25 
DSP/CPU integrated chip, the internal menrrory and the 
external menrx>ry of the rrxibile communication terminal 
shown in Rg. 5. As already explained with reference to 
Rg. 6. the DSP/CPU dosely-coupling core 601 is inte- 
grated as a single bus master. The DSP function and 30 
the CPU function can, therefore, both arbitrarily access 
any of the internal ROM 602, the internal RAM 903. the 
external ROM 61 1 and the external RAM 612. In other 
words, the internal menfK>ries and the external memo- 
ries cannot be distinguished for use with DSP or CPU 3S 
and constitute completely corrunon resources. 

When considering applications to a mobile commu- 
nication terminal, however, it is important to consciously 
distinguish the use of the internal memory from that of 
the external memory. An example of the internal and 40 
external menK>ries differently used is shown in Rg. 8, 
and includes a DSP/CPU integrated chip 800. an inter- 
nal ROM 801. an internal RAM 602. an external ROM 
803 and an external RAM 804. These component parts 
con^espond to the DSP/CPU inte^ted chip 600. the 45 
internal ROM 602. the internal RAM 603. the external 
ROM 611 and the external RAM 612. respectively, in 
Rg. 6. In the memory arrangement of Rg. 8. programs 
using the DSP function such as speech codingAdecod- 
ing, channel coding/decoding and nxxlulation/derrKXlu- so 
lation and the constant data for the programs are 
arranged in the internal ROM 801 , while programs using 
the CPU function such as system control, comnuffiica- 
tion protocol and user interface and the constant data 
for the programs are arrarrged in the external ROM 803. 55 

This program arrangemerrt makes it unnecessary 
for the DSP fonction to access an external memory, and 
thereby obviates the problem. 



Nevertheless, there may be a case in which a pro- 
gram using the DSP function and the constant data for 
the program are too large to be stored in the internal 
ROM 801. In such a case, the memory assignment 
shown in Rg. 9 ts effective. Rg. 9 shows a DSP/CPU 
integrated chip 900, an internal ROM 901, an internal 
RAM 902, an extemal ROM 903 and an external RAM 
904. These component parts correspond to ttie 
DSP/CPU integrated chip 600. the internal ROM 602, 
the internal RAM 603, the external ROM 611 and ttie 
external RAM 612. respectively, in Rg. 6. The menrK)ry 
anangement in Rg. 9, which is basically the same as 
the assignment shown in Rg. 8, is cfifferent from the lat- 
ter in that in Rg. 9, the portions of the programs using 
ttie DSP functions such as speech coding/decoding, 
channel coding/decoding and modulation/demodulation 
and the constant data for the programs tfiat require no 
high-speed access are arranged in the external ROM 
903. 

A code table as large as 10 Kbytes is searched, for 
example, in speech coding. In the process, codes are 
read from the code table and processed one by one. 
This process may take several hundred cycles per code. 
In the case where the large code table of about 10 
Kbytes is placed in an extemal memory, the overhead is 
as small as several % alttiough tiie access thereto 
requires several cycles. Also, all the programs using the 
DSP functions such as speech coding/deooding. chan- 
nel coding/decoding and nxxiulationAdemodulation do 
not always involve the Multiply and Add operation, but 
include some programs using a function similar to what 
is called the housekeeping process. Such a program is 
generally acconrpanied by a small amount of process- 
ing and is large in siza Such program portions are pref- 
erably arranged in the external ROM 903. 

The problem of slow access to an extemal memory 
for the DSP functions is solved by arranging in the exter- 
nal ROM ttie portions of the programs using the DSP 
functions and the constant data for the programs requir- 
ing no high-speed access, as shewn in Rg. 9. 

[Fourth embodiment: high-speed access nrxxie memory 
interface] 

Now. a fourth embodiment of the invention will be 
descrit>ed witii reference to Figs. 5. 10A, 10B and 11. 
The fourth embodiment refers to the case in which a 
memory supporting high-speed access mode not used 
in the conventional DSP is directty connected as an 
external menwry for the DSP/CPU integnted chip of 
the first and second embodiments. 

There are a number of memories supporting a high- 
speed access nmfe. Specifically, an example will be 
explained in which a burst ROM is directty connected. 
This invention, however, is not limited to the burst ROM 
but covers all the memories (synchronous DRAM, syn- 
chronous SRAM, eto.) supporting a high-speed access 
mode. Also, tiie extemal address described as 20 bits 
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and the external data described as 8 bits in Fig. 10A are 
for fadlftating the explanation, and the invention is appli- 
cable to all the hit widths of the external address and all 
the M widths of the external data wrth equal effect. 

Rg. 10A shews a detailed case in which a s 
DSP/CPU integrated chip in a mobile oomnfunication 
terminal and a external burst ROM in Rg. 5 are con- 
nected to each other. In Rg. 10A, a DSP/CPU inte- 
grated chip 1000 and an external burst ROM 1009 are 
directly connected to each other through an integrated w 
extemal address bus 1007 and a data bus 1008. These 
component parts correspond to the DSP/CPU inte- 
grated chip 1100, the external ROM 1111. the external 
address bus 1109 and the data bus 1110, respectively, 
in Rg. 11. Rg. 10A also shows the manner in which a is 
DSP/CPU closely-coupling core 1001, an internal ROM 
1002, an internal RAM 1003 arxJ an Integrated external 
bus interface 1006 are connected to each other through 
an internal data bus 1004 and an internal address bus 
1 005 in the DSP/CPU integrated chip 1 000. These com- 20 
ponent parts correspond to the DSP/CPU dosely-cou- 
pling core 601 , the internal ROM 602, the internal RAM 
603, the integrated external bus interface 606, the inter- 
nal data bus 604 and the internal address bus 605, 
respectively, in Rg. 6. Signals for controlling the external zs 
burst ROM 1009 from the DSP/CPU integrated chip 
1000 include a chip select signal (/CS2) 1010 and a 
read signal (fBD) 101 1 . These signals are applied to a 
chip enable t^minal (/CE) and an output enatDle termi- 
nal (/OE) of the burst ROM 1009. Also, Rg. 10B shows 30 
a time chart of signals between the DSP/GPU inte- 
grated chip 1000 and the extemal burst ROM 1009. 

Rg. 11 shows an exanple memory map 1100 for 
the DSP/CPU integrated chip. In this menrK>ry map 
1 100, the burst ROM can be directly connected to the 35 
space of the chip select signal (/CS2) 101 0. Specifically, 
when the space of the chip select signal (/GS2) is 
accessed by the DSP/CPU dosely-coupling core 1001 
of Rg. 10A, the chip select signal (/GS2) 1010 becomes 
an active low, and the read signal (/RD) 1 01 1 performs 40 
the operation as shown in the time chart. 

In the case where four successive data are 
accessed in the burst ROM, the access to the first data 
has some overhead txit the remaining three data can be 
accessed at high speed. Th^ condition will be explained 4s 
with reference to Rg. 1 0B. Suppose that the chip select 
signal (/CS2) 1010 becomes low and the burst ROM 
1009 becomes active. Four successive data are 
accessed at a time in the burst ROM using the high- 
order bits A2 to A1 9 (except for the two low-order bits) so 
of the address. After that, the four data accessed are 
read out of the burst ROM sequentially using the two 
low-order bits AO, A1 of the address. The data thus read 
out are read into the DSP/CPU integrated chip 1000 at 
the leading edge of the read signal (/RD) 1011. ss 

In the example of Fig. 108, it takes 6 cycles to read 
the first data. This is t>ecause it indudes tfie time 
required for accessing the four successive data in the 



txjrst ROM at a time as described above. TTie subse- 
quent three data, however, are read out in one cyde. 
The effective access cyde, therefore, is given as (6 -1- 1 
* 3)/4 = 2.25 cydes. This indicates that the access 
speed is higher t>y 25 % than when 3 cydes are 
required with an ordinary extemal ROM. 

The problem of slow access to an external menrxxy 
for the DSP function can thus be solved by directly cou- 
pling a menrx)ry supporting a high-access nxxJa Also, 
the overhead generated when a cache memory foils to 
hit can be reduced by combining the fourth embodiment 
with the second embodiment using a cache memory. 

[Rfth embodiment: DRAM interface] 

Now, a fifth embodiment of the invention will be 
explained with reference to Figs. 5, 11 12A. 128 and 
1 20. The fifth embodiment represents the case in which 
a DRAM not used in the conventional DSP is directly 
connected as an external metnory for the DSP/CPU 
integrated chip of the first and second embodiments. 

Rg. 12A shows the case in which a DRAM 
(dynamic RAM) is connected directly as an external 
RAM to provide a value-added service to a mobile com- 
munication terminal. Rg. 12A also shows the detailed 
case in which the DSP/CPU integrated chip and the 
external DRAM are connected to each other in the 
nfK)bile communication terminal of Rg. 5. In Rg. 12A, a 
DSP/GPU integrated chip 1200 and an external DRAM 
1209 are directly connected to each other through an 
integrated extemal address bus 1207 and a data bus 

1208. These component parts correspond to the 
DSP/GPU integrated chip 600. the extemal RAM 612. 
the extemal address bus 609 and the data bus 610. 
respectively, in Rg. 6. Fig. 12A also shows the manner 
in which a DSP/GPU dosely-coupling core 1201, an 
internal ROM 1202, an internal RAM 1203 and an inte- 
grated extemal bus interlace 1206 are connected to 
each other through an internal data bus 1204 and an 
internal address bus 1205 in the DSP/GPU integrated 
chip 1200. These component parts correspond to the 
DSP dosely-coupling core 601, the internal ROM 602. 
the internal RAM 603, the integrated extemal bus inter- 
foce 606. the internal data bus 604 and the internal 
address bus 605, respectively, in Rg. 6. Signals for con- 
trdling the extemal DRAM 1209 from the DSP/GPU 
integrated chip 1200 indude a row address select signal 
(/RAS) 1210. a column address select signal (VGAS) 
121 1 and a write signal (/WR) 1212. These signals are 
applied to corresponding pins of the external DRAM 

1209, respectively Rgs. 128, 12G show time charts of 
signals between the DSP/GPU integrated chip 1200 
and the extemal DRAM 1209. 

An example memory map 1100 for the GSP/CPU 
integrated chip is shown in Rg. 1 1 . In this menrx>ry map 
1 100. a DRAM can be drectly coupled to the space of 
the chip select signal (/GS3). Specifically, when the 
space of the chip select signal (/GS3) is accessed by 
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the DSP/CPU dosely-coupling core 1201 of Rg. 12A. 
the row address select signal (/RAS) 1210. the coliOTin 
address select signal (/GAS) 1211 and the write signal 
(/WR) 1212 perform the operation shown in the time 
charts of Rgs. 12B. 12C. 5 

According to this invention, a large-capacity DRAM 
directly coipled in this nnanner can be direcdy accessed 
from the DSP function. The nx^bile communication ter- 
minal as shown in Rg. 5 can t>e easily equipped with a 
value-added service such as the voice mail function. io 
The audb data communicated in the mobile communi- 
cation terminal is compressed to 4 kbits/sec to 13 
kbits^sec. In the case where one DRAM chip of 4 Mbits 
is used as shewn in Rg. 1 2 A, lor example, a voice signal 
of 5 to 17 minutes can be stored. is 

[Sixth embodiment: Higher data transfer rate of periph- 
eral circuits] 

Now, a sixth emtxxiiment of the invention will l3e 20 
explained with reference to Rgs. 5, 13A. 13B and 14. 
The sixth embodiment is intended to inrprove the data 
transfer speed of the integrated peripheral circuits of the 
first embodiment. 

The conventional irviependent DSP chip, in which 2s 
peripheral circuits are few in number and types and are 
directly connected to an internal data bus, is capat>le of 
high-speed data transfer. The conventional independent 
CPU ch^, on the other hand, has many peripheral cir- 
cuits of various types. The resulting requirement of a 30 
peripheral drcut interface, however, leads to a low data 
transfer rate. 

With the DSP/CPU integrated chip according to this 
inverrtion, the peripheral circuits for the DSP function 
are connected to the peripheral drcuits of the CPU func- 35 
tion through an integrated peripheral circuit interfeca As 
a result, a low data transfer rate is caused sometimes 
for the peripheral circuits of the DSP function. 

In view of this, according to the sixth embodiment, a 
plurality of samples are transferred concurrently to 40 
improve the speed of data transfer for the integrated 
peripheral circuits of the first embodiment 

Rg. 13 shows in detail the connection between the 
DSP/CPU integrated chip 1300 and the integrated 
baseband AFE 1313 in the mobile communication ter- 4S 
minal of Rg. 5. These component parts correspond to 
the DSP/GPU integrated chip 500 and the integrated 
AFE 501, respectively, in Rg. 5. Rg. 13A shows, in par- 
ticular, only the portions of data transfer for exchanging 
data with a RF nKxlem. so 

A serial ir^-output circuit (SI01) 1301. a serial 
input-output circuit (SI02) 1302 and an integrated 
peripheral bus 1303 are involved in the DSP/CPU inte- 
grated chip 1300. These conponent parts correspond 
to the DSP peripheral circuit 322. the integrated periph- ss 
eral address bus (PA) 320 and the integrated peripheral 
data bus (PD) 321. respectively, in Rg. 3. Although the 
serial input-output circuit (SI01) 1301 is used for both 



input and output functions in Rg. 13 A, the serial input- 
output circuit (SI02) 1 302 is used only for the input func- 
tions. In other words, the DSP/CPU integrated chip 
1300 is configured to have one output and two inputs 
with respect to the integrated k>aseband AFE 1313. 

The component elements of the integrated t>ase- 
band AFE 1313 related to this embodiment include a 
serial interface 1319. a GMSK (Gaussian ntinimum shift 
keying) modulator 1316, an I signal D/Aconverter 1318, 
a Q signal D/A converter 1317, an I signal A/D converter 
1315, and a Q signal A/D converter 1314. The RF 
modem and the integrated baseband AFE 1313 
exchange data by means of the I and Q analog signals. 

The DSP/CPU integrated chip 1300 and the inte- 
grated baseband AFE 1313 are connected to each 
other through signal lines (TXD1) 1304, (STS1) 1305, 
(STCK1) 1311, (RXD1) 1306. (SRS1) 1310, (SRCK1) 
1311. (RDX2) 1309, (SRS2) 1308 and (SRCK2) 1311. 
A timing chart of these signal lines is shown in Rg. 13B. 
The signals on the signal lines 1311 and 1312 in Rg. 
13A are supplied from the system timing circuit 20 in 
Rg. 5. The signal line 1312 is used for controlling the 
serial interface 1319. The signal line 131 1 is for carrying 
a basic dock for data transfer, which is supplied to txYth 
the DSP/CPU integ-ated chip 1300 and the integrated 
baseband AFE 1313. 

Now. the transfer will be explained in detail. Rrst, 
consider the case in whk:h data are transferred from the 
DSP/GPU integrated chip 1300 to the integrated base- 
band AFE 1313. In the process, the three signal lines 
(TXD1) 1304. (STS1) 1305 and (STCK1) 1311 are 
used. The signal line (STCK1) 1311 represents a basic 
dock for data transfer supplied from the system timing 
drcuit 520 of Rg. 5 as descrbed atxive. In this case. 1 6- 
brt digital data are transferred bit by bit in synchronism 
with the basic dock. Data having an arbitrary bit width 
can of course be transfen'ed in tfie same nrtanna-. The 
signal line (TXD1) 1304 represents a one-t)it data bus 
for transmission. The signal line (STSI) 1305 repre- 
sents a frame sync signal line. The data are output 
sequentially by txt on the signal line (TXDI) 1304 
during the 16 docks starting with the dock immediately 
following the pulse output of this signal. The timing 
involved is shown in Rg. 13B. Starting with the dock 
immediately follcwing the pulse output on the signal line 
(STSI) 1305. 16-bH data D15 to DO are output on the 
signal line (TXDI) 1304 bit by bit for each dock sequen- 
tially from the most significant bit D15. 

New. consider the case In which the DSP/CPU inte- 
grated chip 1300 receives data from thie integrated 
baseband AFE 1313. Two signal data induding the I 
and Q signals are received. Rrst consider the I signal. 
Three signal lines are used, induding the signal lines 
(RXD1) 1306, (SRS1) 1310 and (SRGK1) 1311. The 
signal line (SRCKI) 1311, as desait>ed atxsve, repre- 
sents a basic dock for data transfer supplied from the 
system tinting drcuit 520 shown in Rg. 5. The 16-t>it dig- 
ital data are transferred bit by bit in synchronism with the 
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basic dock. Data of a given bit width can of course be 
transfen^ed in the same manner. The signal line (RXD1) 
1306 represents a one4>ft data bus for receiving. The 
signal line (SRS1) 1310 represents a frame sync signal 
line. The data on the signal line (RXD1) 1304 are input 5 
bit by bit sequentially during the 16 clocks starting with 
the dock Immediately following the input of the pulse 
signal on the line (SRS1) 1310 to the DSP/CPU inte- 
grated chqp 1300. The timing involved is also shown In 
Rg. 13B. The 16-bit data D15 to DO from the dock w 
immediately fbllcwing the pulse input to the signal line 
(SRS1) 1306 are input bit by bit from the signal line 
(RXD1) 1304 for each dock sequentially starting with 
the most significant bit D15. The Q signal is also 
received exactly the same manner as the I signal. The 75 
difference line in that the I signal is received by the serial 
Input-output drcuit (SI01) 1301 and the Q signal t>y the 
serial input-output drcuit (SI02) 1302. 

Now. the serial Input-output drcuit (SI01) 1301 and 
the serial input-output drcuit (SI02) 1302 will be zo 
explained in detail with reference to Rg. 14. Rg. 14 
shows the portion of the DSP/CPU integrated chip 
related to the present embodiment The serial Input-out- 
put drcuit (SI01) 1301 corresponds to the serial input- 
output drcuit (SI01) 1424, and the serial input-output 25 
drcuit (SI02) 1302 to the serial input-output drcuit 
(SI02) 1420. 

The configuration of Rg. 14 indudes a DSP/CPU 
dosely-coupling core 1 400, an internal memory X 1 401 . 
an internal memory Y 1402. an integrated peripheral 30 
bus interface 1406, a DMAC 1405. a serial input-oulput 
drcuit (SI01) 1424, a serial input-output circuit (S102) 
1420. and an AND drcuit 1429. The DSP/CPU dosely- 
coupling core 1400. the internal memory X 1401. the 
internal memory Y 1402. the integrated peripheral bus 3S 
interface 1406 and the DMAC 1405 are connected to 
each other through the internal address bus (lA) 1403 
and the internal data bus (ID) (32 bits wide) 1404. The 
serial input-output drcuit (S101) 1424 and the serial 
input-output drcuit (SI02) 1420 are connected to the 40 
integrated peripheral bus interface 1406 through the 
integrated peripheral buses 1407. 1408, 1409. 

The integrated peripheral bus indudes an address 
bus (PA) 1407 and a 32-bit wide data bus (PD). The PD 
bus in turn indudes a 16 high-order bit PD (31 to 16) 4S 
1408 and a 16 low-order bit PD (15 to 0) 1409. In Rg. 
14, the serial input-output circuit (SI01) 1424 is con- 
nected to the 16 high-order bit PD (31 to 16) 1408 of the 
integrated peripheral data bus. and the serial input-out- 
put drcuit (St02) 1420 to the 16 low-order bit PD (15 to so 
0) 1409 of the integrated peripheral data bus. Though 
not shown, the address txis (PA) 1407 is connected to 
the serial input-output drcuit (SI01) 1424 and the serial 
input-output drcuit (SI02) 1420. 

The serial input-output drcuit (SI01) 1424 indudes 55 
a 16-t>it wide data transmission data register (TDR1) 

1427. a 164)it wide data receiving data register (RDR1) 

1428. a paratlel/serial converter 1425. a seriaiy|p>arallel 



converter 1426 and a control circuit 1423. Six signal 
lines (three each for transmission and receiving) 
(RXD1) 1430. (SRCK1) 1432, (SRS1) 1433. (TXD1) 
1434, (STSI) 1435 and (STCK1) 1436 are also shown 
for exchanging data with drcuits external to the chip. 
These signal lines correspond to the signal lines 
(RXD1) 1306. (SRCK1) 1311. (SRS1) 1310, (TXD1) 
1304. (STSI) 1305 and (STCK1) 1311. respectively, in 
Rg. 13 A. These signal lines are described above in 
detail with reference to Rg. 13 A. 

The serial input-output drcuit (S102) 1420 Indudes 
a 16-bit wide data transmission data register (TDR2) 

1415, a 16-bit wide data receiving data register (RDR2) 

1416, a parallel/serial converter 1417. a serial/parallel 
converter 1418 and a control drcuit 1419. Six (three 
each for transmissfon and receiving) signal lines (TXD2) 
1431. (SRCK2) 1437. (SRS2) 1438. (RXD2) 1439 are 
also shown for exchanging data with drcuits external to 
the chip. Among these signal lines, the signal lines 
(SRCK2) 1437. (SRS2) 1438 and (RXD2) 1439 corre- 
spond to (SRCK2) 1307. (SRS2) 1308 and (RXD2) 
1309. respectively, in Rg. 13A. These signal lines are 
also descrODed above in detail with reference to Rg. 
13A. In Rg. 13A. however, the serial input-output drcuit 
(8102) 1420 is used only for receiving. Consequently, 
the three transmission signal lines (TXD2) 1 431 . (STS2) 
1440 and (STCK2) 1441 are not shown In Rg. 13A. 

Rrst explanation will be made about the data trans- 
mission i^ing the serial input-output drcuit (SI01) 1424. 
The 16-bit wide transmission data are applied to the 
data transmission data register (TDR1) 1427 through 
the 16 high-Older bit PD (31 to 16) 1408 of the inte- 
grated peripheral data bus. The data are further output 
bit by bit on the one-bit data bus (TDX1) 1434 through 
the parallel/iserial converter 1425. The output cyde arxi 
timing are controlled by the control drcuit 1423 using 
the signal line (STSI) 1435 and (STCK1) 1436. 

New. explanation will be made about the case In 
which the two 16-bit data received by the serial input- 
output drcuit (8101) 1424 and the serial input-output dr- 
cuit (SI02) 1420 are transfenred through a 32-bit bus. 
The serial input-output drcuit (SI01) 1424 Is supplied 
with the receiving data bit by bit from the signal line 
(RDX1) 1430. The Input cyde and timing are controlled 
by the control drcuit 1423 using the signal lines (SRS1) 
1433 and (SRCK1) 1432. The bit siring thus Input Is 
converted into a 16-t)it wide parallel data through the 
seriaiyt^arallel converter 1 426, and Input to the receiving 
data register 1428. When ttie receiving data register 
1428 is supplied with the receiving data and prepara- 
tions are made for transfer, then the control drcuit 1423 
activates the intenxipt signal (INT) 1422 to DMAC. 

The serial input-output drcuit {S\C2) 1420. on the 
other harxi. is supplied with the receiving data bit by bit 
from the signal line (RDX2) 1439. The irput cyde and 
timing are controlled t^y the control drcuit 1419 using 
the signal lines (SRS2) 1438 and (SRCK2) 1437. The 
bit string thus input is converted into a 1 6-bit wide paral- 
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lei data through the serial^;>arallel converter 1418, and 
applied to the receiving data register (RDR2) 1416. 
When the receiving data register (RDR2) 1416 is siq> 
plied with the receiving data and preparations are made 
for transfer, the control circuit 1419 activates the inter- $ 
mpt signal (INT) 1421 to the DMAC. The AND circuit 
1 429 produces the logical product of the interrupt signal 
(INT) 1422 and the intenxipt signal (INT) 1421 thereby 
to interrupt the DMAC 1405. In other words, the data to 
be transferred are prepared in the two 16-bit receiving 
data registers (RDR1) 1428 and (RDR2) 1416 by the 
time when the DMAC 1405 is interrupted. The DMAC 
can handle the two 16-t>it receiving data as a single 32- 
bft datum, and transfer it to the intemal memory X 1401 
or the Internal memory Y 1402 through the 32-t)it wide 
Integrated peripheral data buses 1408, 1409 and the 
32-bit wide internal data bus 1404. 

In this way. the transfer rate of the serial Input-out- 
put circuit can be dout)led according to the sixth embod- 
iment as compared with the bit-by-bit transfer of the 1 6- 
bit data. The problem of slow data transfer of the periph- 
eral circuits for the DSP function can thus be solved. 

[Seventh embodiment! 

fslow, a seventh embodiment of the Invention will be 
explained with reference to Rgs. 5. 15A, 15B and 16. 
The seventh emtxxjiment Is a variation of the sixth 
embodiment. The sixth embodiment uses two serial 
input-output circuits for two recefvirig signals. The sev- 
enth embodiment, by contrast, uses only one serial out- 
put circuit by time divisbn of two receiving signals. 

Fig. 15A shows in detail the connection t>etween a 
DSP/CPU infected chip 1 500 and an integrated base- 
band AFE 151 1 in the mobile communication terminal 
of Rg. 5. TTiese component parts correspond to the 
DSP/CPU Integrated chip 100 and the integrated AFE 
501, respectively, in Rg. 5. Only the portions for trans- 
ferring data relating to data exchange with a RF modem 
are shown in Rg. 15A. 

The serial input-output circuit (SI01) 1502 and the 
integrated peripheral bus 1501 are involved In the 
DSP/CPU integrated chip 1500. These component 
parts correspond to the DSP peripheral circuit 422, the 
integrated address bus (PA) 320 and the integrated data 
bus (PD) 321. respectively, in Rg. 3. In Rg. 15A. the 
serial Input-output circuit (SI01) 1502 Is used for input 
and output functions. The DSP/CPU integrated cfiip 
1500 Is configured of one output and two Inputs with 
respect to the integrated baseband AFE 1511. 

The conrponent elements of the integrated base- 
band AFE 1511 according to the present embodiment 
include a serial internee 1505. a OMSK (Gaussian min- 
imum shift keying) modulator 1514. an I signal D/A con- 
verter 1516, a Q signal D/A converter 1515. an I signal 
A/D converter 1513, and a Q signal A/D converter 1512. 
The RF modem and the integrated baseband AFE 151 1 
exchange data using the I and Q signals constituting 



analog signals. 

The DSP/CPU integrated chip 1500 and the Inte- 
grated baseband AFE 1511 are connected to each 
other through signal lines (TXD1) 1503. (STS1) 1504. 
(STCK1) 1509, (RXD1) 1508, (SRS1) 1507, (SRCK1) 
1509 and (IQFLAG) 1506. Atiming chart of these signal 
lines is shown in Fig. 15B. The signals on the signal line 
1509 and the signal line 1510 in Rg. 15A are supplied 
from the system timing drcuit 520. The signal line 1510 
is used for controlling the serial internee 1505. The sig- 
nal line 1509 represents a basic dock for data transfer 
and is supplied to tx>th the DSP/CPU integrated chip 
1500 and the integrated baseband AFE 151 1. 

New. the transfer operation will be described in 
detail. The data transfer from the DSP/CPU inte^ted 
chip 1500 to the Integrated baseband AFE 1511 Is 
exactly the same as that In the case of Rg. 13A and will 
not be explained. 

Consider the case in which the DSP/CPU inte- 
grated chip 1500 receives data from the infected 
t>aseband AFE 151 1 . Two signal data induding I and Q 
signals are received. Rg. ISA shows the case in which 
the two signals are time-divisbn multiplexed. At this 
time, four signal lines (RXD1) 1508, (SRS1) 1507. 
(SRCK1) 1509 and (IQFLAG) 1506 are used. The sig- 
nal line (SRCK1) 1509, as described above, represents 
the basic clock for data transfer supplied from the sys- 
tem timing drcuit 520 of Rg. 5. In this case, too, 16-bit 
digrtat data are transferred bit by bit in synchronism with 
the basic dock. Data of an arbitrary bit width can of 
course t>e transfened in the same manner. The signal 
line (RXD1) 1508 is a one-bit data bus for receiving. The 
signal line (SRS1) 1507 is a frame sync signal line. The 
data on the signal line (RXD1) 1508 are input sequen- 
tially bit by bit during the period of 16 docks starting with 
the dock immediately following the time when this sig- 
nal is input to the DSP/CPU integrated chip 1500 as a 
pulsa 

The timing ln\rolved is shown in Rg. 15B. In this tim- 
ing chart the I signal is first input, followed by the Q sig- 
nal. First, the 16-bit data 115 to 10 are sequentially input 
with the most significartt k»t 115 first from the signal line 
(RXD1) 1508 at the rate of one bit per dock starting with 
ttie dock immediately following the first pulse of the sig- 
nal line (SRS1) 1507. Then, the 16-blt data Q15 to QO 
are input the most significant bit Q1 5 first from the signal 
line (RXD1) 1508 sequentially at the rate of one bit per 
dock starting with the dock Immediately following the 
second input pulse of the signal line (SRS1) 1507. The 
signal line (IQFLAG) 1506 is used in order to identify the 
data transferred by the signal line (RXD1) 1508. In Rg. 
15A. the signal line (IQFLAG) 1506 is kept high during 
the transfer of the I signal. 

Now. the serial input-output drcuit (SI01) 1502 in 
Rg. 1 5A will t>e explained in detail with reference to Rg. 
16. Rg. 16 shows the portions of the DSP/CPU Inte- 
grated chip relating to the present embodiment. The 
serial input-output drcuit (SI01) 1502 corresponds to 
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the serial input-output circuit (SI01) 1631. 

The configuration of Rg. 16 includes a DSP/CPU 
closety-coupfing core 1600, an internal menfK>ry X 1601. 
an internal menrx>ry Y 1602. an Integrated peripheral 
bus interface 1606. a DMAC 1605 and a serial Input- 
output circuit (SI01) 1631. The DSP/CPU dosely-cou- 
pling core 1600. the internal menrvxy X 1601. the inter- 
nal merrK>ry Y 1602. the integrated peripheral bus 
interface 1606 and the DMAC 1605 are connected to 
each other through an internal address bus (I A) 1603 
and an internal data bus (ID) (32-bit wide) 1604. The 
serial input-output circuit (SI01) 1631 is connected to 
the integrated peripheral bus interfece 1606 through the 
integrated peripheral buses 1607, 1608. 1609. The inte- 
grated peripheral bus includes an address bus (PA) 
1607 and a 32-bit wide data bus (PD). The PD bus 
includes the 16 high-order t>it PD (31 to 16) 1608 and 
the 16 lowK>rder bit PD (15 to 0) 1609. 

The serial input-output circuit (SI01) 1631 includes 
two 16-bft wide data transmission data registers (TDRU) 
1 629, (TDRL) 1 630, two 1 6-bit wide data receiving data 
registers (RDRU) 1614. (RDRL) 1615, two niuttiplexers 
(MUL) 1628, 1616. a parallel/serial converter 1627, a 
serial/parallel converter 1617 and a control circuit 1619. 
The data transmission data register (TDRU) 1629 and 
the data receiving data register (RDRU) 1614 are con- 
nected to the 16 high-order bit PD (31 to 16) 1608 of the 
integrated peripheral data bus. The data transmission 
data register (TDRL) 1630 and the data receiving data 
register (RDRL) 161 5 are connected to the 16 low-order 
bit PD (15 to 0) 1609 of the integrated peripheral data 
bus. Seven signal lines for exchanging data wHh circuits 
external to the chip are also shown. They include three 
signal lines (STS1) 1625. (STCK1) 1624 and (TDXI) 
1626 for transmission, and four signal lines (SRS1) 
1520. (SRCK1) 1621, (RXD1) 1623and (IQFLAG) 1622 
for receiving. These signal lines are explained in detail 
above with reference to Rg. 15. 

Rrst explanation will be made atxnxt the case in 
which data are transmitted using the serial input-output 
circuit (SI01) 1631. Two 16-bit wide transmisston data 
are input through a 32-brt integrated peripheral data bus 
PD (31 to 0) to two l&M wide data transmission data 
registers (TDRU) 1629 and (TDRL) 1630. The data reg- 
ister (TDRU) 1629 is supplied through the 16 high-order 
bit PD (31 to 16) 1608. and the data register (TDRL) 

1630 through the 16 low-order bit (15 to 0) 1609. Then, 
the nrultiplexer 1628 selects which of the data in the two 
transmission data registers is to be transmitted. The 
selected 16-bit wide data are output on the 1-bit data 
bus (TDX1) 1626 bit by bit through the parallelfeerial 
converter 1627. The output cyde and timing are control- 
led by the control circuit 1619 using the signal lines 
(STS1) 1625 and (STCK1) 1624. 

New. explanation will be made about the case in 
which two 16-brt wide data (I signal data and Q signal 
data) received by the serial input-output circuit (SI01) 

1631 are transferred concurrently through a 32-bit bus. 



The serial input-output circuit (SI01) 1631 is supplied 
with the receiving data bit by bit from the signal line 
(RDX1) 1623. The input cyde and timing are controlled 
by the control circuit 1619 using the signal lines (SRS1) 

5 1620 and (SRCK1) 1621. The bit string thus input are 
converted into 16-bit wide parallel data through the 
seriaiyj^arailel converter 1617, and are applied to one of 
the two receiving data registers. The receiving data reg- 
ister to which the signal is input is determined by the 

70 multiplexer (MUL) 1616. The multiplexer (MUL) 1616 is 
switched by a control signal generated by the control cir- 
cuit 1619 on the basis of the signal line (IQFLAG) 1622. 
The I signal data are applied to the register (RDRU) 
1 61 4 and the Q signal data to the register (RDRL) 1615, 

15 for exarrple. 

When the receiving data are applied to the two 
receiving data registers (RDRU) 1614 and (RDRL) 1615 
and preparations are made for transfer, then the control 
drcuit 1619 activates an interrupt signal (IfMT) 1618 to 

20 the DMAC thereby to interrupt the DMAC 1605. The 
DMAC handles two 16-t)it receiving data as a single 32- 
bit data and can transfer it to the internal memory X 
1601 or the internal memory Y 1602 through the 32-bit 
wide integrated peripheral data buses 1608, 1609 and 

25 the 32-t>it wide internal data bus 1 604. 

In this way. the transfer rate of the serial input-out- 
put circuit can be doubled by using the seventh embod- 
iment as compared with the case in which 16-bit data 
are transferred one by one, and thus the problem of 

30 slow data transfer can be solved for the peripheral dr- 
cuit of the DSP function. 

[Eighth enrtxxfmerrt: power amplifier controQ 

35 Now, an eighth errixxiiment of the invention will be 
explained with reference to Figs. 2, 5, 17A, 17B. 18, 19, 
20A. 20B. In the conventional GSM mobile communica- 
tion terminal shown in Rg. 2. the low effidency of the 
system configuration due to the overhead t)etween DSP 

40 and CPU poses the problem. According to the present 
embodiment such an overhead is eliminated as the 
DSP fonction and the CPU function are integrated with 
each other as in the first embodiment. Therefore, the 
motile communication terminal can be configured effi- 

45 dently. 

Specif ically. consider the power amplifier control of 
the RF section. The mobile communication terminal 
shown In Figs. 2 and 5 is responsit)le for controlling the 
output of the power amplifier of the RF section on the 
50 basts of an instruction from the base station. In the con- 
ventional configuration of power ampl'rfier control, the 
communication overhead often occurs between DSP 
and CPU. 

Rrst the overhead will be txief ty explained with ref- 
55 erence to Rgs. 1 and 1 8. The processing at the commu- 
nication terminal of the nrx^bile communication system is 
explained already with reference to Rg. 1 . 

Rg. 18 shows hew this process is realized by the 
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invention and by the prior art In the prior art using two 
independent DSP and CPU. the user interface process, 
system control and the communication protocol process 
are realized by a CPU chip, while the audio cod- 
ing/decoding, the communication path coding/decoding 
process and the modulationydenrodulation process are 
realized by a DSP chip. An exchange of data with the 
base station requires the comnrumication path cod- 
ing/encoding and the nxxiulation/demodulation process 
requires realized by the DSP chip. This in turn makes it 
necessary to exchange the data on the communication 
protocol process with the base station. As a result, the 
CPU chip is required to communicate with the DSP chip. 
This communication overhead is illustrated with refer- 
ence to the prior art in Rg. 18. 

When the output of the power amplifier of the RF 
section is controlled, on the other hand, the D/A con- 
verter 203 for controlling the power amplifier PA in Fig. 2 
is required to be accessed. Since the D/A converter 203 
for controlling the PA is physically connected to the DSP 
chip, however, the CPU chip is required to communicate 
with the DSP chip whenever necessary. 

According to this invention, by contrast, all the dig- 
ital processes including the user interface process, the 
system control, the communication protocol process, 
the audio codingAdecoding process, the communication 
path coding/decoding process and the nxxiula- 
tionAiemodulation process are realized by a DSP/CPU 
integrated chip. As shown in Fig. 18, therefore, the CPU 
chip has no overhead with the DSP chip and the system 
can be efficientty configured. 

The overhead will be explained in detail with refer- 
ence to Figs. 20A, 20B. The mobile communication ter- 
minal shown in Rgs. 5 and 2 is first supplied with the 
instruction data for the power amplifier output control of 
the RF section from the t>ase station. 

In the prior art shown in Rg. 20A, this receiving 
data are sent to the DSP chip. Rg. 20A shows the sii>- 
sequent processes in a flowchart 

First, the DSP cNp performs the demodulation 
process and the channel decoding process for the 
receiving data. Then, the CPU chip Is interrupted k>y the 
DSP chip to deliver the data sent thereto to the protocol 
process. The CPU chip thus intenupted suspends the 
program under execution, saves the internal status, and 
receives the receiving data from the DSP chip. After 
that, the CPU ch^ executes the protocol processing 
program to decode the receiving data, and coming to 
know that it is an instruction for power amplifier output 
control, outputs the control data. The CPU chip inter- 
rupts the DSP chip in order to access the power ampli- 
fier PA control D/A converter connected to the DSP chip. 
The DSP chip thus interrupted suspends the program in 
execution, saves the internal condition, and receives 
from the CPU chip an instruction and control data for 
driving the PA control D/A converter. The DSP chip thus 
drives the DSP peripheral circuit for analog front erKi 
AFE having the PA control D/A converter built therein. 



thereby controlling the power amplifier output. The 
processing flow of the prior art is described atxTva The 
overhead portion is shadowed. 

Such the need of an overhead is completely elimi- 

5 nated according to the present invention using the 
DSP/CPU integrated chip shown in the f kwvchart of Rg. 
20B. This is due to the fact that the integration of the 
DSP function and the CPU function eliminates the 
requirement for the communication t>etween the DSP 

10 process and the CPU process and that the integrated 
peripheral circuits of the DSP and CPU permits the DSP 
peripheral circuit to be directly accessed by the CPU 
function. 

New, explanation will be made in detail about the 

75 direct access made by the CPU function to the DSP 
peripheral circuit with reference to Rgs. MA, 19. In 
other words, the explanation refers to the case in which 
the protocol processing program executed by the CPU 
accesses directly the D/A converter for controlling the 

20 power amplifier PA. 

Rg. 17A shows, in enlarged fbmn, only the related 
part of the joint between the DSP/CPU integrated chip 
500 and the power amplifier PA control D/A converter 
504 of a communication terminal. A serial input-output 

25 circuit SIO 1713, a BIT I/O circuit 1714 and an inte- 
grated peripheral bus are involved in the DSP/CPU inte- 
grated chip 1712. The component elements of an 
integrated baseband AFE 1700 relating to this embodi- 
ment include a serial interface 1701, a power ramping 

30 RAM 1703 and a PA control signal D/A converter 1702. 
The power ranrping RAM 1703 has an output waveform 
built therein as a sample data. Rg. 1 7A shows the case 
of six samples. Any numt)er of samples, however, can of 
course be employed. An example waveform 1704 

35 formed by the six built-in data is also shown in Rg. 15A. 
The integrated t)aseband AFE 1 700 controls the power 
amplifier by a PA control signal which is an analog sig- 
nal. The output waveform kxiilt in the power ramping 
RAM 1703 is converted into an analog signal and output 

40 as a PA control signal 1 705 at a timing designated by a 
transfer start signal 1 706. 

Rg. 19 shows the timing designated by the transfer 
start signal 1706 and required waveforms of the pcwer 
amplifier. The GSM communication system is a time- 

45 division system including eight time slots (577 \ss) for 
each frame (4.615 ms). The transmission is activated 
during one time slot in one frame (8 time slots). Thus the 
timing indicated by Tx represents the timing designated 
by the transfer start signal 1706 in Rg. 17A. Character 

50 Rx in Rg. 1 9 shows the receiving timing. A required out- 
put waveform of the power amplifier is shown in the 
lower part of Rg. 19. As shown in Rg. 19, the GSM 
comnunication system severely restricts the ramping of 
rise and fall as well as the amplitude of the output wave- 

55 fbmn. The power ramping RAM 1 703 of Fig. 1 7A is used 
for satisfying this requirement 

Tuming to Rg. 17A, the explanation will be contin- 
ued. TTie DSP/CPU integrated chip 1712 and the inte- 
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grated baseband AFE 1700 are connected to each 
other through signal lines (TXD) 1710. (STS) 1709. 
(STCK) 1708 and (/CTRL) 1711. The timing chart for 
these signal lines ^ shewn In Rg. 17B. The signals 
1708, 1707 and 1706 in Fig. 7A are supplied from the s 
system timing circuit 520 of Rg. 5. The signal line 1707 
is used for controlling the serial interface 1 701 . The sig- 
nal line 1708 represents a basic clock for data transfer 
and is supplied to both the DSP/CPU Integrated chip 
1712 and the integrated baseband AFE 1700. w 

Nm. the operation of writing data in the power ranv 
ping RAM 1703 will be explained In detail. The basic 
operation of transferring data from the DSP/CPU inte- 
grated chip 1712 to the integrated t)aseband AFE 1700 
is substantially the same as that explained with refer- is 
ence to Rgs. 13A. 13B, 15A. 15B. The difference lies, 
however, in that an address is required for designating 
one of the six errtries to t>e written of the power ramping 
RAM 1703. For this purpose, the system of Rg. 17A 
i^es a format in which the first 10 bits of the 16 bits in 20 
the transfer data represent data and the last six bits an 
address. These specific bit lengths of course are set 
provisionally for facilitating the understanding, and any 
number of bits may actually be used. Four signal lines 
(TXD) 1710. (STS) 1709. (STCK) 1708 and (/CTRL) 2S 
1 71 1 are used for transfer. The signal line (STCK) 1 708. 
as described above, represents a t>asic clock for data 
transfer sipplied from the system timing drcuH 520 of 
Rg. 5. In the case under consideration. 16-bit digital 
data are transferred bit by bit in synchronism with this 30 
basic dock. Attematively, data of an arbitrary bit width 
can of course t>e transferred in the same manner. The 
signal line (TXD) 1710 is a 1 -bit data bus for transmis- 
sion. The signal line (STS) 1709 is a frame sync signal 
line. During the 16-dock period from the dock immedi- ss 
ately following the pulse output of this signal, the data 
are output sequentially bit by bit onto the signal line 
CTXD) 1710. 

The timing of this operation is shown in the lower 
partof Rg. 17B. The 10-bit data D9 to DO and the 6-bit 40 
address A5 to AO are sequentially output starting with 
the most significant t>ft D9 at the rate of a bit per clock in 
succession onto the signal line (TXD) 1710. In order to 
distinguish from the normal transfer nxxJe desait>ed 
with reference to Rgs. 13A. 13B. 15A, 15B. the signal 45 
(/CTRL) 1 71 1 is used. When the signal (/CTRL) 1 71 1 is 
active, the 10-bit data are written in the internal 
resource of the integrated baseband AFE 1700 desig- 
nated by the 6-t>it address. In the case where data are 
written in the six entries of the power ramping RAM so 
1703. six 16-bit data having six corresponding 
addresses and data are transferred as required. 

As descrfoed atxive, the power amplifier control 
involves none of the processes reqdring the DSP func- 
tion such as the Multiply and Accumulate calculation. In ss 
spite of this, the DSP chip is interrupted simply for 
accessing the DSP peripheral drcuit in the prior art 
According to the present invention, such a wasteful 



overhead does not occur since the CPU function can 
directly access the DSP peripheral circuit 

[Ninth embodiment: ASIC circuit] 

Isfow, a ninth embodiment of the invention will be 
explained with reference to Rg& 5 arxJ 21. The ninth 
embodiment refers to the case in which a high-speed 
dedicated circuit is added to the DSP/CPU integrated 
chip on which the first embodiment is based. 

The foregoing embodiments are assumed on a 
standard general-purpose DSP/CPU integrated circuit. 
If a system is to be efficiently realized to suit each spe- 
cific application, however, a high-speed dedicated cir- 
cuit ASIC (application specific integrated circuit) is 
required to be incorporated. Explanation will be made 
about how to configure such a circuit within the frame- 
work of the invention. A possible example of the ASIC 
circuit includes an A/D converter, a D/A converter and a 
serial interface drcuit in the integrated AFE 501 of Rg. 
5. 

Rg. 21 shows the portfons of the DSP/CPU inte- 
grated diip relating to the present embodiment an 
external memory and an extemal bus. The configuration 
of Rg. 21 includes a DSP/CPU closely-coupling core 
2100, an internal memory X 2101 . an internal memory 
Y 2103. an integrated peripheral bus interface 2116. a 
DMAC 2101 , an integrated external bus interface 21 18. 
an integrated ASIC bus interface 21 1 7. a standard DSP 
peripheral drcuit 2104, a standard CPU peripheral dr- 
cuit 2105 and an ASIC drcuit 2106. The DSP/CPU 
dosely-couplinq core 2100. the DMAC 2101. the inter- 
nal memory X 2101, the internal memory Y 2103. the 
integrated peripheral bus interface 21 16, the integrated 
ASIC bus Interface 21 1 7 and the integrated external bus 
interfoce 2118 are connected to each other through the 
internal address bus 2109 and the internal data bus 
2108. The standard DSP peripheral drcuit 2104 and the 
standard CPU peripheral drcuit 2105 are connected to 
the integrated peripheral bus interface 21 16 through the 
address bus PA 21 10 and the data bus PD 21 1 1 . 

The ASIC drcuit 2106 is connected to the inte- 
grated ASIC bus interface 21 17 through an address bus 
(/\A) 2112 and a data bus (AD) 2113. The extemal 
memory 2107 is connected to the integrated extemal 
bus interface 2116 through an address bus (EA) 2114 
and a data bus (ED) 2115. In the configuration of Rg. 
21 , the integrated ASIC bus interface 21 1 7 is connected 
to the internal bus in parallel with the integrated perqF>h- 
eral bus interface 21 16. The integrated ASIC bus Inter- 
face 2117 is not required to accommodate the various 
peripheral drcurts but can be realized with a sirrple, 
high-speed structure. The ASIC drcuit 2106 may be 
directly coupled to the internal bus in some cases. 

As described above, a high-speed exdusive drcuit 
can be inconporated by preparing a high-speed, simple 
integrated ASIC txjs interface independent of the stand- 
ard integrated peripheral bus interface. A system suita- 
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ble for a specific application can thus be efficiently 
realized. 

[10th embodimenf] 

Finally, a tenth embodiment of the invention will be 
explained with reference to Figs. 3. 22, 23 and 24. TTiis 
embodiment refers to a method of preparing a compiler 
for delivering data from a high-level language such as 
the C language executed by the CPU function effidentiy 
to the assembler program executed by the DSP function 
in a DSP/CPU integrated chip 

Fig. 3 shows an internal structure of a DSP/CPU 
dosely-coipling core on which the invention is based. 
As descrifc>ed above, the CPU core 307 and the DSP 
er^gine 306 operate concurrently at the time of execut- 
ing the DSP function. More specifically, the CPU core 
307 functions as an addressing unit of the DSP ertgine 
306. 

Fig. 22 shows, in enlarged form, the portion of the 
CPU core 307 of Fig. 3 related to the present embodi- 
ment. The components shown In Rg. 22 include a CPU 
core 2203, three internal address buses (lA) 2202, (XA) 
2201 and (YA) 2200. Rg. 22 also shows 16 registers 
2209 (RO to R15), a shifter (SFT) 2210, an ALU 2211, 
an add-ALU (auxiliary ALU) 21 12 arxl a program coun- 
ter 2204 in the CPU core 2203. At the time of executing 
the DSP function, the four registers R4, R5, R6. R7 of 
the 16 regsters 2209 are used for data access through 
the intemal address buses (XA) 2201 and (YA) 2200. 
The registers R4 and R5 are connected to the address 
bus (XA) 2201, while R6 and R7 are connected to the 
address bus (YA) 2200. 

The manner in vtrhich the this CPU core functbns as 
an address operator of the DSP engine will be 
explained with reference to Rg. 24. For facilitating the 
explanation of the DSP function, a simple Multiply arid 
Accumulate calculation will be taken as an example. An 
assembler expression 2400 of the Multiply and Accumu- 
late calculation realized by the DSP function is shown in 
the upper part of Rg. 24. The hardware in the DSP/CPU 
integrated chip used at this time is shown in the central 
portion of Rg. 24. The hardware includes an XMEM 
(internal menx>ry X) 2413, a YMEM (internal memory Y) 
2412, four CPU core registers (R4) 2415, (R5) 2414, 
(R6) 2411 and (R7) 2410, four registers PCO) 2416, (YO) 
2409. (MO) 2407 and (AO) 2405 for the DSP engine, a 
multiplier 2408 for tiie DSP engine and an ALU 2406 for 
the DSP engina 

Four arrows 2401. 2402, 2403, 2404 indicate the 
hardware related to the assemt)ler expression 2400 of 
the Multiply and Accumulate calculation. The assembler 
expression 2400 is divided into four portions for desig- 
nating the concurrent operation corresponding to the 
four arrows 2401, 2402, 2403, 2404. respectively. The 
first portion designates the addition of the contents of 
the register (AO) 2405 and the content of the register 
(MO) 2407, and the sum is stored in the register (MO) 



2405. The second portion designates multiplication of 
the contents of the regi^er (XO) 2416 and the resistor 
(YO) 2409, and the product Is stored In tf>e register 
(MO) 2407. The third portion designates the reading of 

5 data from the internal memory X, in which the XMEM 
(internal menrx)ry X) 2413 is accessed with the content 
of R5 as an address, and tiie data thus read are stored 
in the register (XO). The fourth portion designates the 
reading of data from the internal memory Y. in which the 

10 YMEM (internal merTK>ry Y) 2412 is accessed with the 
content of the register (R6) as an address, and the data 
thus read out is stored In tiie resistor (YO). 

As described above, according to this embodiment, 
four CPU core registers (R4) 2415, (R5) 2414. (R6) 

75 241 1 and (R7) 241 0 are used as an address pointer for 
the DSP engina Especially, the regteters (R4) 2415 arxi 
(R5) 241 4 are used as a pointei' for the intemal menx^ry 
X, and the registers (R6) 241 1 and (R7) 240 as a pointer 
for the irrtennal menK>ry Y, for concurrent access. 

20 Now. let us consider the manner In which the 
assembler program shown in Rg. 24 is called from the 
C language with reference to Rg. 23. In Rg. 23, tills 
assembler program is called by the name of mac-sss. 
The program of Rg. 23 is so simple that the Multiply and 

25 Accumulate is taken for two arrangements of four ele- 
ments. In the DSP program including this exarrple. the 
leading address of the arrangement on which execution 
of the Multiply and Accumulate is desired is naturally 
delivered as an argument. As a way of delivering the 

30 argument to the compiler, the first four argunrients of a 
function are effectively assigned to the four CPU core 
registers used as address pointers of the DSP engine. It 
follows, therefore, that in the example of Rg. 23, the 
leading addresses of the two arrays for which the Multi- 

35 ply and Accumulate is taken are delivered to the regis- 
ters R5 and R6. As seen from Fig. 24, ttie registers R5 
arxi R6 can be Immecfiately used for concun'ent access 
to the memory as X and Y pointers respectively, thereby 
leading to a high efficiency. 

40 The assembler program that has received the argu- 
ment can thus effidentiy execute the DSP function by 
the atxsve-mentioned method of register assignment for 
a high-level language compiler, in which the first four 
arguments of a function are assigned to four CPU core 

45 registers used as address pointers of the DSP engina 
The invention developed by the present inventors 
has been specifically explained above on the basis of 
embocfiments. The present invention, however, is not 
limited to such embodiments, but various modifications 

50 thereof are of course available without departing from 
the scope and spirit of the invention. Also, the emtxxli- 
ments can be combined or replaced witii one another. 

INDUSTRIAL APPLICABILITY 

55 

The effects of the representative aspects of the 
present invention disck>sed in this patent application will 
be explained briefly t>elow. 
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Specifically, the advantage is that the memory sys- 
tems and the peipheral circuils of the DSP function and 
the CPU function are integrated thereby to realize a 
mobile communication terminal system lew in cost and 
pcwer consumption arKJ small in size. 

Also, the versatility of distributing common internal 
and external memories arbitrarily t>etween the DSP and 
CPU functions permits efficient use of the memories 
incorporated in the system. 

Further, an extraneous overhead is eliminated from 
the communication between the DSP function and the 
CPU function, and therefore a mot>ile communication 
terminal system can be efficiently configured. 

Qaims 

1 . A terminal apparatus comprising a microprocessor 
having a DSP function (600) and a CPU function 
integrated with each other as a single bus master, 
and an internal memory space arxi an external 
memory space integrated as a single memory 
space, wherein 

the DSP function includes a plurality of internal 
memories (602. 603) and a plurality of buses 
(604, 605) for connecting said internal memo- 
ries for executing the non-recursive filter opera- 
tion constituting a basic operation of the digital 
signal processing at the rate of one cyde per 
tap, 

and said CPU function (600) is capable of exe- 
cuting a basic instruction for any of such oper- 
ations as calculation, internal memory access 
arvi data transfer at the rate of an instruction 
per cycle, and thereby capabUe of corrpiiing a 
program written in a high-level language into 
said basic instruction and executing said basic 
instruction efficiently. 

2. A terminal apparatus according to Claim 1 , furttier 
corrprising an integrated peripheral circuit (503) 
accessible from both the DSP function (600) and 
the CPU function (600). 

3. A terminal apparatus according to Claim 1 , wherein 
said microprocessor comprises a directly-coupled 
interface (1006) for an external mertKNy having 
high-speed access mode. 

4. A terminal apparatus according to Claim 1 , wherein 
said internal memory has built therein an audio 
coding/decoding program arxi a communication 
path coding/decoding program (801), and said 
extemal memory has stored therein a communica- 
tion protocol program and a user interface program 
(803). 

5. A terminal apparatus according to Claim 1 , wherein 



said microprocessor comprises a cache memory 
(704) arxJ means for controlling the cache memory. 

6. A terminal apparatus according to Claim 2, wherein 
5 said microprocessor (1300) is capable of transfer- 
ring a plurality of input-output samples collectively 
from a serial input-output circuit to the internal 
merTK>ry and the external memory. 

10 7. A terminal apparatus according to Claim 1 , wherein 
said microprocessor comprises an irrterlace (1206) 
directiy connected to an extemal DRAM, said inter- 
face being directiy accessit>le by the function capa- 
ble of executing the non-recursive filter calculation 

IS providing the basic operation of digital signal 
processing at the rate of one cyde per tap. 

8. A method of configuring a high-level language com- 
piler for generating a microprocessor program used 

20 for the terminal apparatus according to Claim 1, 
wherein at least an address register for a digital sig- 
nal processor realizing the DSP function is mapped 
to a sut>set of registers for a central processing unit 
realizing tiie CPU function thereby to deliver at 

25 least an argument to said sut>set of the registers of 
said central processing unit. 

9. A terminal apparatus for effecting radio communi- 
cation by exchanging data with a t>ase station, com- 

30 prising: 

a data processing unit (500) for executing a 

program stored in memory; and 

a memory induding an area (801) storing a 

35 program for performing the audio cod- 

ing/encoding process, an area storing a pro- 
gram for performing the speech decoding 
process, an area storing a program for perform- 
ing the channel decoding process, an area 

40 (803) storing a program for controlling the com- 

munication protocol with the t>ase station, and 
an area storing a program for controlling the 
interface with ttie user: 

wherein each of said areas of said memory is 
45 arranged in an address space of said data 

processing unit. 

ia A terminal apparatus according to Claim 9, wherein 
said data processing unit indudes a digital signal 

50 processor for executing the aucfio coding process, 
the speech decocfing process, the communication 
path coding process arxJ the communication path 
decoding, and a central processing unit for control- 
ling the communication protocol with the base sta- 

55 tion and also controlling ttie interface with the user, 
wherein said digital signal processor and said cen- 
tral processing unit are formed on a single semicon- 
ductor &uk>strate. 
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11. A terminal apparatus according to Claim 9 or 10, 
wherein said memory built in said data processing 
unit has said area storing a program for executing 
the audio coding process, said area storing a pro- 
gram for executing the speech decoding process, 
said area storing a program for executing the com- 
munication path coding, and said area storing a 
program for executing the communication path 
decoding. 



10 



12. A terminal apparatus according to any one of 
Qaims 9 and 10. wherein a memory external to 
said data processing unit has an area storing a pro- 
gram lor controlling the communication protocol 
with the base station and an area storing a program is 
for controlling the internee with the user. 

13. A terminal apparatus according to Claim 9 or 10, 
wherein said data processing unit includes, in the 
address space of said central processing unit, a 20 
serial input-output circuit for interfacing with an ana- 
log/dgital converter circuit and a digrtat/analog con- 
verter circuit. 

14. A data processing system comprising: 25 

a digital signal processor capable of executing 
the non-recursive filter operation at the rate of 
one cycle per tap; 

a central processing unit; and 30 
a memory an^anged in the address space of 
said central processing unit for storing a 
processing program of said digital signal 
processing unit and said central processing 
unit. 35 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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